INTRODUCTION
Crown rot and gray bulb rot are two of the most important soilborne diseases of bulb crops grown in the Pacific Northwest (PNW) portion of the United States (Byther & Chastagner, 1993; Chastagner & Byther, 1990; Gould & Byther, 1979 a & b; Linderman, 1985) . Although Sclerotium rolfsii Sacc. has commonly been cited as the cause of crown rot on various bulb crops in the PNW, recent studies (Harlton et al., 1995; Punja & Damini, 1996) indicate that S. delphinii Welch. is the primary cause of this disease. Sclerotium rolfsii has a very large host range and tends to occur under warm to hot temperatures while S. delphinii tends to occur on various ornamental crops that are grown in cool-temperate areas (Aycock, 1966; Boerema and Hamers, 1988; Punja, 1985; l988; Stevens, 1931; Welch, 1924; ) . S. delphinii tends to have a lower temperature growth optimum and produces larger sclerotia that S. rolfsii. In addition, these two fungi can be distinguished on molecular basis (Harlton et al., 1995; Okabe et al., 1998; Okabe et.al., 2000) .
In the PNW, crown rot is much more common on bulbous iris, tulips, and lilies than daffodils. The fungus can survive for many years as sclerotia in the soil and infection usually occurs on the stems near the soil surface. Infected plants turn yellow and die prematurely and tend to occur in patches in the field. Disease development and spread can occur very rapidly under mild to warm, moist conditions both in the field and in storage after digging. This is an extremely destructive disease that can result in total loss of the crop if not controlled.
The fungus Rhizoctonia tuliparum (Whetzel & Arthur) causes the disease gray bulb rot on tulips and bulbous iris (Boerema and Hamers, 1988; Buddin, 1938; Dickens, 1979; Moore, 1950; Mordue, 1974; Whetzel & Arthur, 1924) . This pathogen survives from year to year as sclerotia in plant residues and can be carried into a field on infected planting stock. Sclerotia are long-lived and mycelia from sclerotia infect bulbs and emerging shoots during autumn and late winter. Infected shoots either fail to emerge or die shortly after infection. Sclerotia that are 1-10mm in diameter are produced on infected tissue and turn from white to black as they mature. They are the only source of inoculum for this disease. They usually remain attached to soil and plant debris when the bulbs are dug allowing them to be easily spread from field to field by cultivating equipment. This disease also commonly occurs in patches in the field, but it can completely destroy the crop after several rotations if it is not controlled.
There are a number of cultural practices that discourage the development of these diseases. These include destroying all infected bulbs found in storage or in the field, cleaning and disinfecting field equipment between fields, and reducing planting densities. Early digging before warm temperatures occur and rapid drying of harvested bulbs are also important in controlling crown rot. Deep plowing to bury sclerotia, shallow planting, and rotation out of tulips and iris also help to control gray bulb rot (Dickens, 1979; Moore, 1950) .
Although cultural practices help reduce the potential for these diseases, most growers also use soil fumigation, chemigation, bulb dips and/or in-furrow or broadcast applications of fungicides to the soil at the time of planting to control these diseases (Chastagner & Byther, 1990; Gould & Byther, 1979 a & b; Gould & Russell, 1965; Klaveren, 1949; Linderman, 1985) . Based on 1994 and 1998 surveys of PNW bulb growers (Chastagner, 1997; Chastagner, unpublished) , in-furrow applications of PCNB or quintozene (at up to 6.7 g a.i./m of row) are used on about 17% of the tulip crop. In addition, soil fumigation with methamsodium and/or methyl bromide is used on over 60% of the tulip crop. PCNB is used on about 98% of the iris crop. Most of this is applied as an in-furrow treatment at the time of planting. About 16% of the iris crop is also planted in soil that has been fumigated with metham-sodium. Virtually all of the lily crop is treated with PCNB and/or iprodione in an effort to control crown rot and other soil-borne pathogens. Most of this is applied via chemigation.
During the past few years there have been a number of fungicides developed that have the potential to control these diseases. Several of these materials have been classified as "reduced risk" products by the U. S. Environmental Protection Agency, making it easier to register them. This paper presents the results of field tests conducted at WSU-Puyallup t o compare the effectiveness of in-furrow applications of four fungicides to PCNB in controlling these two diseases.
MATERIALS AND METHODS
During 1998/99, two tests were conducted to evaluate the potential effectiveness of four fungicides that are being developed for use in the ornamental industry in the United States to control these diseases (Table 1) .
Plot design: Two plots of 'Blue Magic' bulbous iris were established at WSUPuyallup. Bulbs were planted in rows on 1.1 m centers at the equivalent of 6,726 kg of bulbs/ha. Each plot was a randomized complete block design with 4 blocks containing 0.9 m of row per treatment "cell". An 0.9 m unplanted section of row was left between cells in each row. Prior to planting, all plots were fertilized by incorporating Osmocote 18-6-12 @ 448.4 kg/ha in a 20 to 30 cm wide band just below the soil surface within the rows where the bulbs were to be planted.
Inoculum: Plot areas were infested with inoculum prior to planting the bulbs to insure uniform disease development. Soil containing sclerotia of R. tuliparum was collected during spring 1998 from the top 5 cm of a commercial iris field and spread over the area where the gray bulb rot study was established. The air-dried infested soil was mixed for 10 minutes in a soil mixer and then 1.25 liters of infested soils was spread in an 46 cm-wide band over the soil in each 0.9 m-long cell. Sclerotium delphinii inoculum was grown on autoclaved rye seed and carrots. After 2 weeks of incubation at room temperature, the carrot inoculum was mixed with sand at the rate of 385 g of homogenized colonized carrots in 7.5 liters of sand. The plot was inoculated by spreading 50 ml of the colonized rye seed and 150 ml of the carrot-sand inoculum over the soil in each 0.9 m cell prior to placement and spraying of the bulbs in the furrow.
Application timing and spray volume: Fungicides treatments were sprayed in a 46 cm-wide band over the bulbs in the furrow just prior to hilling on September 25, 1998. All fungicides were applied in the equivalent of 124 ml of water/m of row. Weeds were controlled with an application of napropamide at 4.48 kg a.i./ha plus 2% Roundup Ultra on October 28, 1998. All spray applications were done with a Solo backpack sprayer equipped with an 8003LP Tee Jet nozzle. Applications were applied at 1.05 kg/cm 2 pressure in the indicated volume of water.
Data collection: To determine the effectiveness of each treatment in controlling gray bulb rot and crown rot, the incidence of diseased plants in each 0.9 m cell was rated periodically during the growing season on a 0 to 10 scale, where 0 = none, 1 = 1-10%, 2 = 11-20%, 3= 21-30%, ....and 10 = 91-100% of the plants showed symptoms and signs of the disease. The condition of the foliage on the plants in the crown rot study was also rated on a 0 to 10 scale, where 0 = dead, 1 = 1-10%, 2 = 11-20%, 3 = 21=30%, ... and 10 = 91 to 100% of the foliage still green on 15 July, 1999. To determine the effect of each treatment on bulb yield, the bulbs were harvested during late July and air dried for approximately two weeks prior to cleaning and grading.
RESULTS AND DISCUSSION
Data from these trials indicates that relatively low rates of azoxystrobin, flutolanil and trifloxystrobin provided control of crown rot and gray bulb rot equal to or better than the standard in-furrow PCNB treatment. Disease pressure was high in the gray bulb rot test. Disease incidence ratings ranged from 6.8 in the check treatments during mid-April to 1.0 for the bulbs treated with the highest tested rate of flutolanil. Depending on the rate used, all of the fungicides except fludioxonil significantly reduced disease development and increased yields compared to the check (Table 2) . Applications of PCNB resulted in a five-fold increase in the weight of harvested bulbs. Flutolanil and trifloxystrobin were the most effective materials in controlling gray bulb rot.
Disease pressure was moderate in the crown rot trial. Flutolanil and trifloxystrobin were the most effective materials in controlling disease development and increasing the yield of commercial size bulbs (Table 3) . Although PCNB, the current industry standard, reduced disease development compared to the check, it did not significantly increase bulb production. Previous work has also shown that in-furrow application of flutolanil provided effective control of crown rot on Asiatic lilies (Chastagner et al., 1990) . Additional trials are underway to determine the optimal rates of these materials for controlling crown rot on bulbous iris and Asiatic lilies and gray bulb rot on bulbous iris and tulips .0 a 1.95 a ________________________________________________________________________ 1 Disease incidence on July 15, 1999 was rated on a scale of 0 to 10 where 0 = none, 1 = 1-10%, 2 = 11-20%, 3= 21-30%, ...and 10 = 91-100% of the plants were dead and/or had sclerotia at the soil surface. 2 Foliage color on July 15, 1999 was rated on a scale of 0 to 10 where 0 = dead, 1 = 1-10%, 2 = 11-20%, 3 = 21=30%, ... and 10 = 91 to 100% of the foliage was still green. 3 Weight of harvested bulbs that were >8 cm in circumference.
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